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(57 ) Claim 

1. A method for producing a low viscosity material 
froa bark or wood suitable for uae in a formaldehyde- 
condensation adhesive, which method comprises subjecting 
a conventional aqueous extract of bark or wood to 
ultrafiltration and separating out that fraction which 
does not contain the higii viscosity producing materials. 

9. A low viscosity material suitable for use in a 
formaldehyde-condensation adhesive whenever produced 
by a method defined in any one of the preceding claims. 
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This invention relates to the preparation of bark 
and wood extracts which are suitable for use as wood 
adhesives . 

The bark and wood extracts of a number of 
commercially important trees contain polyhydroxy phenols 
of which some are poly f 1 avonoid in nature and can form 
condensation products with formaldehyde to thereby act 
as bases for wood adhesives. Such condensation products 
have been widely studied particularly with a view to 
obtaining suitable adhesives for plywood and particle- 
board. The aforementioned bark and wood extracts are 
well known in the art and may be obtained , for example, 
by simple batch extraction of comminuted wood and bark 
with hot water at about 100°C. In some cases alkalis 
such as sodium hydroxide or sodium sulphite may be added 
to promote extraction of the phenols or to suppress 
oxidation and degradation of the extract. However 
di f f icuJ ties have been encountered p-imarily due to 
excessive viscosity of the extracts and the difficulty 
in obtaining uniformity in product quality. 

We have now found that upon fractionating aqueous 
extracts of wood and bark according to the molecular 
size (or weight) to find the most suitable and effective 
fraction ot the extracts for condensation of the proantho 
cyanidin type compounds present with formaldehyde to 
Zorm wood adhesives, that all fractions, except the 
lowest molecular size fraction containing monomers, 
dimers and oligomers and carbohydrates, have similar 
suitable condensation properties. This is shown in the 
formation of similar and high amounts of formaldehyde 
precipitate (e.g. see Table 2 which follows). This 
suggested that removal of the highest molecular si*e 
fraction - the high viscosity producing fraction - would 
leave an easily handled material with suitable adhesive 
fcrr-ing properties- 



It is therefore an object of the present invention to 
prepare purified and concentrated wood and bark extracts 
having a aolecular size (or weight) which is most suitable 
for the preparation of wood adhesives. 
5 According to the present invention there is provided a 

method for producing a low viscosity cute rial from bark and 
wood suitable for use in a formaldehyde - condensation adhes- 
ive, which method comprises subjecting a conventional 
aqueou* extract of bark or wood to ultrafiltration and 
10 separating cut that fraction which does not contain the 
high viscosity producing materials. 

By low viscosity material we mean a material having an 
equivalent molecular weight of 10 6 or less. 

By high viscosity producing materials we mean materials 
15 which have an equivalent molecular weight of greater than 10 6 
The tern "equivalent molecular weight" as used hereii. 
means the material has a molecular size equivalent to 
that of Dextran of the stated molecular weight. 

Preferably, the fraction isolated lies within the 
20 equivalent molecular weight range of 10 3 -10 6 , thereby 

excluding the lowest molecular weight material, that is, 
material having an equivalent molecular weight of less than 
10^, which contains a significant amount of formaldehyde- 
non-reactive material and w?ter. However, the viscosity of 
25 the fraction may be increased by removing the lowest mole- 
cular weight material since the molecular size distribution 
of the fraction shifts to that of the higher molecular size 
and also the purity of formaldehyde-reactive components 
increases . 

30 Me have found that increased yields of the desired 

material may be obtained by ultrafiltration with large 
quantities of water in the recirculating flow. It then 
becosKS necessary, however, to remove a ^arge quantity of 
water fros the ul traf il trate . It hac been found that a 
35 second ultrafiltration with membranes having nominal mole- 
cular weight limit (NMWL characteristics or 10 3 removes 
this large quantity of water as well as those materials 
having an equivalent molecular weight of less than 10 , 
which tend to decrea»e the adhesive quality. 



To recover a large quantity of water from the second 
ultraf il trate and to use the recovered water for extraction 
or ultrafiltration processes, the se 



s, the second ul traf [x 1 trate , 
r M Of. g h» coropoundsl of potential 



which contains w& l*** l i-~ ^ - r 

use, may be processed by reverse osmosis. ^Tfrio low 
, n l cow l ■ ■ " * j** compounds may be concentrated in the 
retentate and pure water obtained as the filtrate ot 
reverse osmosis. This method is of importance for the 
fractionation of 60% aqueous acetone extracts, from for 
0 example Pinus radiata bark, and the recovery of the solvent. 
The drying of polyphenol extracts on an industrial 
scale is carried out by spray-drying or vacuum evaporation 
in which the extracts may be changed by thermal degradation. 
Ultrafiltration and reverse osmosis avoid those deleterious 
L5 effects associated with normal conventional dewatering 

processing. The process is athermal and permits removal of 
up to 90% of the water at ambient temperature, avoiding 
therroal and oxidative degradation of the product. The 
absence of phase change also results in lower energy costs. 
20 The invention also extends to other extracts having an 

equivalent molecular weight of less chan 10 , preferably 
an equivalent molecular weight in the range of 10 -10 ; 
and the formaldehyde-condensation adhesives made from a 
mixture of such extracts with formaldehyde. 
25 Preferred aspects of the invention vil 1 now be illus- 

trated in more detail by reference to tfce following 
laboratory experiments. 

Hot aqueous <100*C) extracts from Pinus radiata bark 
and a commercial wattle tannin were fractionated according 
30 to molecular weight by laboratory scale ultrafiltration. 
Spray-dried hot water extracts (2.0 s) were dissolved in 
water (50 ml) and 10% NaOH aqueous solution (0.6 ml) was 
added to adjust to pH 8.0. The solution was put into a 
Millipore 47 mm stirred cell =md a Amicon Model 52 stirred 
35 cell with various ultrafiltration membranes and filtrations 
were carried under 0.35-1.40 kg/cm 2 nitroyen pressure at 
room temperature for 5-76.5 hours. The ultrafiltration 



membranes used were Pellicon PSVP (nominal molecular 
weight limit (NM-CL) ; 10*) , PTHK 10 5 ) , PTGC 

(NMWL; 10 4 ) and PSAC (NMWL; 10 3 ) . 

Fractionation results of the hot water extracts 
from Pinus radiata bark and the commercial wattle 
tannin by ultrafiltration are shown in Table 1. 

TABLE 1 

Molecular size distribution of the hot water 
extracts of Pinus radiata bark and of the 
wattle tannin 



Fractions 






Percentage 


of 


100 
of 


°C 
P. 


aqueous extracts 
radiata bark 


Wattle Tannin 


More than 10 6 * 






22 .4 


16.5 


10 5 " 10 6 






S. 5 


J. 9 


10 4 " 10 5 






29. 2 


23.6 


io 3 - 10 4 






11 . 5 


6.6 


Less than 10 3 






31 . 4 


49 .4 



•Containing compounds which have a iuolecular size 
equivalent to that of the corresponding number 
molecular weight Dextran. 

Ultrafiltration of the extracts with PSVP membrane 
yielded 77.6* of the filtrate with a molecular size 
less than chat of a 10 6 molecular weight Dextran. It 
also reduced the viscosity of the filtrate down to a 
level which is well below the upper viscosity limit 
p^.-missible for the formulation of wood adhesives. The 
n.tentate was identified as the ma^n viscosity control 
factor which causes excessive viscosity of the extracts. 

Should it be necessary to control the rate of 
penetration of the purified extracts into wood, when used 
as a basis for adhesives this could be done, for example, 
by the addition of specified amounts of a gel- forming 



material of precisely, known properties, or by the 
addition of suitable filler. 

TABLE 2 

Stiasny reaction precipitates of catechin and 
the various fractionsof the 100°C aqueous 
extracts of P. radiata bark 



Formaldehyde precipitate {%) 


Catechin 


97.5 


100 °C aqueous extracts 


81. 0 


Retentate >10 6 * 


90.0 


Ul trafiltrate <10 6 


71 . 0 


Fraction (10 5 ~ 10 6 ) 


V0. 5 


(10 4 ~ 10 5 ) 


91 . 5 


(10 3 ~~ 10 4 ) 


82 . 4 


( < 10 3 ) 


40 . 5 



•Containing compounds which have a molecular size 
of the corresponding number molecular weight 
Dextran. 

Analyses of compounds in each fraction revealed 
that the smallest molecular size (or weight) fraction 
contained all the monomers, dimers (procy anidins ) and 
oligomers but compounds in the other fractions are 
basically of the same procyanidin type compound and the 
onlv difference is the degree of polymerization of the 
procyanidin unit among the fractions. 

The amount of formaldehyde precipitate (Table 2) 
provides a reliable estimate of the total polyphenols 
which react with formaldehyde in adhesive formation. 

The highest yield (97.5%) of the formaldehyde 
precipitate was obtained with 100% pure catechin which 
was used as a control for this experiment. The original 
100°C aqueous extracts from Pinus radiata bark gave 
81.0% yield of the formaldehyde precipitate. However, 
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the "tentate (>10 6 ) remaining after ultrafiltration with 
PSVP membrane gave a high yield (90%) of the 
precipitate. Chemical analyses revealed that the 
retentat* -onjista of 95% procyanidin polymers and of 
5% carbohydrates. Purity of procyanidin polymers in 
the fractions containing compounds with a molecular weight 
between 10° and 10 6 and also between 10 4 and 10 5 was even 
higher than that of the retentate (>10 6 ). A smaller 
molecular weight fraction ,10 3 ~ 10 4 ) yielded 82.4% the 
formaldehyde precipitate indicating increasing amounts 
of non-reactive material. However, the purity of 
procyanidin polymers in this fraction was yet higher than 
that of the original 100»C aqueous extracts which contain 
the ha 0 h viscosity producing material. The lowest 
molecular weight fraction gave 40.5% yield of formaldehyde 
precipitate. Analyses of this fraction (<10 3 ) revealed 
that it contained non-reactive polyphenols such as 
stilbenes and flavonols as well as 47% carbohydrates in 
which glucose and arabinose were the predominate sugars. 

An embodiment of the present invention will now be 
described with reference to the accompany xng drawing which 
schematically illustrates the fractionation of a hot 
water extract by ultrafiltration and reverse osmosis. 

The aqueous extract (I) flows into the tank 1 after 
PH adjustment and is pumped into the ultrafiltration 
module 2. The liquid passes at high speed over the 
surface of the membranes of NMWL = 10 6 , components with 
equivalent MW < 10 and water pass through the membranes 
and the permeate (II) is collected in tan* 3. The retent- 
ate is recycled and eventually concentrated as the highest 
molecular weight fraction ( I ' ) . The filtrate in the tank 3 
is further filtered with a membrane of NMWL - 10 3 by 
ultrafiltration module 4 and recycled to concentrate a 
defined molecular weight component (molecular weight 
between 10 3 - 10 6 ) . The 
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perwate (III) which was collected in the tank 5 and 
contained lower molecular weight components and water, 
in subjected to reverse osmosis with a membrane of NMWL-350 
at high pressure in modult 6. The low molecular weight 
5 components are concentrated to give product (III*) and q 
water is obtained as permeate from the reverse osmosis, 

Tne product (I*) consists ot high polymeric components yj 
with 95% procyanidin polymers and is the fraction 
producing high viscosity. The components may be useful 
10 as fiMer for wood adhesives. The product (II 1 ) is the — 
most suitable fraction for wood adhesives. The fraction ^ 
contains compounds with a certain molecular size (or ^ 
weight) range and can be concentrated *.p vo the suitable H" 

CO 

concentration for the formulation of woo.i aihesives. 
15 The product (III 1 ) consists of lower molecular size (or 00 
weight) components such as carbohydrates (glucose and 
arabinose as predominant shears in the case of Pinus 
radiata bark extracts), monomer i c flavonoids an J 
stilbenes. 

20 The purified extracts may t>e substituted for 

phenols and other tannins in adhesive formulations, 
for example in a typical wattle tannin adhesive 
comprising 

Parts by weight 
25 Wattle tannin 100 

Water 113 
Sodium hydroxide 0.9 
Wood flour 10-12.5 
Paraformaldehyde 8 

30 

When extracts purified in accordance with the above 
described procedure were substituted for wattle tannin 
in such an adhesive formulation, laboratory adhesion 
tests revealed that strong bonds could be obtained with 
35 adhesives formulated with different molecular weight 
fractions of the hot water extracts from Pinus radiata 
bark (Table 3) . 
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TABLE 3 

Bond strength of plywood glued with adhesive a 
from the fractions of Pinus radiata bark extracts 





Failing load (MP a) and wood 
failure (%) 


Dry 


24 h Cold 
soak 


72 h Boil 


Fraction ( <10 6 ) * 
Fraction (10*1 10 6 ) 


4.^53 
4.090 


89 
98 


3.659 
4.206 


21 
95 


3. 323 
2.912 


80 
90 



1) Adhesion tests were carried out according to 

AS1321. 3-1976 using two-ply tensile shear test speciiwns. 



